Inhibition of the signaling pathways for macrophage proliferation by cyclic AMP. Lack of effect on early responses to colony stimulating factor-1.
Colony stimulating factor-1 (CSF-1) stimulates DNA synthesis in quiescent murine bone marrow-derived macrophages (BMM). CSF-1 action has been shown to involve activation of the CSF-1 receptor kinase. The protein kinase C activator, 12-O-tetradecanoylphorbol 13-acetate (PMA), is itself weakly mitogenic and synergises with CSF-1 for stimulation of BMM DNA synthesis suggesting a possible role for protein kinase C in the stimulation of BMM DNA synthesis. In this report we show that several agents which raise intracellular cAMP (8-bromoadenosine 3':5'-cyclic monophosphate, 3-isobutyl-1-methylxanthine, cholera toxin, and prostaglandin E2) reversibly inhibit DNA synthesis in BMM induced by CSF-1, granulocyte macrophage-colony stimulating factor, interleukin-3, and PMA. The suppressive action of cAMP elevation on the proliferative response to CSF-1 can be manifested even late in the G1 phase of the cell cycle. Several CSF-1-stimulated earlier responses, viz. protein synthesis, Na+/H+ exchange, Na+,K(+)-ATPase and c-myc-mRNA expression, were not inhibited thus showing a striking difference from some other cellular systems involving growth factor-mediated responses. c-fos-mRNA levels were raised and stabilized by the cAMP-elevating agents, and this modulation was not altered by CSF-1. Thus, the signaling pathways in the macrophages involving tyrosine kinase and protein kinase C activation are associated with increased proliferation while those involving elevation of cAMP (and presumably activation of cAMP-dependent protein kinases) appear to have an inhibitory effect.